Eight new clerodane type diterpenoids, named 7-oxo-kolavelool (1), 7α-hydroxykolavelool (2), 6α,7α-dihydroxykolavenol (3), 12-oxohardwickiic acid (4), ptycholide I (5), ptycholide II (6), ptycholide III (7), and ptycholide IV (8) were isolated from the MeOH extract of the bark of a Brazilian medicinal plant, Ptychopetalum olacoides. The structures of 1−8 were elucidated by analyzing spectroscopic data and by comparing their NMR data with those of the previously reported compounds kolavelool (1a), kolavenol (3a), hardwickiic acid (4a), and ptychonolide (5a). Compounds 5 and 6 existed as a 1:1 mixture of inseparable epimers at C-15.
Ptychopetalum olacoides Benth. (Olacaceae), a medium−sized tree with small white flowers that have a pungent fragrance similar to jasmine, is a medicinal plant native to the Brazilian Amazon [1] . The roots and bark of the species are known as Marapuama or Muirapuama and have been used as a neuromuscular tonic for the treatment of chronic rheumatism, sexual impotency, and central nervous system disorders [2] . Previous pharmacological studies have indicated that the EtOH extract of P. olacoides produces a series of beneficial effects on the central nervous system in mice [3] [4] [5] [6] [7] . As part of our ongoing project to search for natural products with neurotrophic properties [8] [9] [10] [11] [12] , we have continued to explore bioactive diterpenoids from the MeOH extract of the bark of P. olacoides, which exhibited neurite outgrowth-promoting activity in NGF-mediated PC12 cells [13, 14] . Further chemical studies on the MeOH extract of the bark of this medicinal plant resulted in the isolation of eight new clerodane type diterpenoids, named 7-oxo-kolavelool (1), 7α-hydroxykolavelool (2), 6α,7αdihydroxykolavenol (3), 12-oxo-hardwickiic acid (4), ptycholide I (5), ptycholide II (6) , ptycholide III (7) , and ptycholide IV (8) . In this paper, we report the isolation and structure elucidation of 1−8 and their effects on PC12 cells.
Compound 1, isolated as colorless oil, had the molecular formula C 20 H 32 O 2 , assigned from the high resolutionelectron ionization-MS (HR-EI-MS) ion at m/z 304. The IR spectrum showed absorption bands at 3442 and 1705 cm - ascribable to a hydroxy and a ketone group, respectively. The 13 C NMR spectrum showed 20 carbon signals, the low-field signals of which, on the basis of distortionless enhancement by polarization transfer (DEPT) and hetero nuclear multiple quantum coherence (HMQC) spectra, were assigned to a keto-carbonyl at δ C 213.7 (C-7); a trisubstituted double bond at δ C 121.5 (C-3) and 142.0 (C-4); and a mono-substituted double bond at δ C 144.8 (C-14) and 112.2 (C-15). The remaining high−field resonances were ascribed to five methyl, five methylene, two methine, and three quaternary carbons resonating at δ C 43.3 (C-5), 44.4 (C-9), and 73.2 (C-13 These structural fragments were considered to be connected to the quaternary carbons (C-4, C-5, C-9, and C-13) on the basis of HMBC correlations, as shown in Figure  2 (a). HMBC correlations (C-4/H 3 -17 and H 3 -18; C-5/H 3 -17 and H 3 -18) enabled us to deduce that the C-17 and C-18 methyl groups were appended to C-4 and C-5, which are expected to bond to each other. The H-10 resonance at δ H 1.95 showed an HMBC correlation to C-5, supporting the formation of a bond between C-5 and C-10. The C-9 quaternary carbon at δ C 44.4 showed HMBC correlations to H-10, H-11, H 3 -20, and H 3 -19, and the H 3 -18 methyl signal showed an HMBC correlation to C-6. These HMBC correlations allowed C-9 and C-5 to connect to C-10, C-11, C-8, and the C-20 methyl group and C-6, respectively, forming a decaline ring fused at C-5 and C-10. The HMBC correlations of C-13 (δ C 73.2) to H-12, H-14 and H 3 -16 allowed C-12, C-16, and C-14 to connect to the OHbearing quaternary carbon C-13, resulting in the formation of the side chain C-11−C-16, the C-11 methylene of which is linked to the C-9 quaternary carbon through an HMBC correlation of C-9 to H 2 -11. These spectroscopic data indicated that 1 is closely related to a clerodane diterpenoid, kolavelool (1a) [15] and had the carbonyl group at the C-7 position.
The relative configuration of 1 was deduced by a nuclear Overhauser and exchange spectroscopy (NOESY) experiment, as shown in Figure 2 (b). The NOESY correlations of H-10 to H-6β, H-8, and H-11 indicated that H-10 and the C-11−C-16 side chain were β-oriented, and the C-19 and C-20 methyl groups were α-oriented opposite to H-8 and H-11, respectively. Additional NOESY correlation between H 3 -18 to H 3 -20 suggested that the C-18 methyl group was in a trans-orientation relative to H-10, indicating that the C-18 methyl group had an α axial disposition ( Figure 2 ). Thus, the relative stereochemistry of 1, except for that of C-13, was elucidated, as depicted in Figure 2 (b). The CD spectrum of 1 showed a negative Cotton effect at 300 nm, and thus according to the back octant rule [16] , the absolute configuration of 1 was elucidated to be 8S and it was named 7-oxo-kolavelool.
Compound 2 was isolated as colorless oil and was assigned the molecular formula C 20 H 34 O 2 due to the HR-EI-MS ion at m/z 306. The IR spectrum revealed the presence of a hydroxy group at 3440 cm -1 . The NMR data of 2 were found to be similar to those of 1 ( ]. These structural fragments were assembled by the COSY (C-14-C-15) and HMBC correlations (H 3 -16/C-13 and C-14; H-15/C-13), thereby resulting in the formation of the C-11-C-16 side-chain carrying a hydroxy group at C-15 and a methyl group at C-13. This tentative structure for 3 is closely related to the previously reported kolavenol (3a), which was isolated from Hardwickia pinnata [17] . In the case of 3, two hydroxy groups were substituted at the C-6 and C-7 positions. Both of these hydroxy groups had the same stereochemistry as 6α,7α-dihydroxyannonene according to the small vicinal J . The proton signals assignable to the furan ring and the H-3 vinyl proton signal in 4 were shifted to a lower field than those of a typical clerodane, suggesting that this furan ring is conjugated to a carbonyl group. This was supported by the following HMBC data: the C-12 ketone at δ C 195.0 was correlated to H-11 and H-14, whereas the C-17 carbonyl at δ C 172.1 was correlated to H-3. These spectroscopic data gave the same plane structure as hardwickiic acid (4a) [18] with the ketone at the C-12 position. The relative configuration of 4 was deduced to be the same as that of 4a by the NOESY experiment. Thus, compound 4 was established to be 12-oxo-hardwickiic acid.
Compound 5 [19] was isolated as a mixture with a 1:1 ratio, as shown by the 1 H NMR spectrum. As deduced by HR-EI-MS, 5 had the molecular formula C 21 H 28 O 5 . Its IR spectrum revealed the presence of a γ-lactone moiety at 1765 cm -1 . The NMR data of 5 were found to be similar to those of ptychonolide (5a) [13] . The difference was that which was supported by the HMBC correlation of H-14 to C-12. These spectroscopic data led to the proposal for the planer structure of 5 being as an epimeric mixture with regard to C-15. The relative configuration of 5 was elucidated by NOESY experiments. As a result, 5 has the same relative configuration as that of 5a. Thus, ptycholide I was represented as 5.
Compound 6 [20] , assigned the molecular formula C 22 H 32 O 5 on the basis of its HR-EI-MS, was shown to exist as a 1:1 mixture from its 1 H NMR spectrum. The IR spectrum showed an absorption band assignable to a γ-lactone ring at 1768 cm -1 . The NMR data of 6 were similar to those of 5 ( butenolide type ring. The relative configuration of 7 was determined to be identical to that of 6 from the NOESY data. Thus, the structure of ptycholide III was represented as 7.
Compound 8 [21] was isolated as a colorless oil and had the molecular formula C 21 H 30 O 5 , which was assigned by HR-EI-MS. Its IR spectrum showed the presence of a hydroxy group at 3334 cm -1 and a γ-lactone ring at 1760 cm -1 . The 1 H NMR spectrum of 8 was similar to that of 7 except for the presence of the difference proton (br s), suggesting that this γ-lactone corresponds to a 15,16-butenolide type ring bearing a hydroxy group at the C-16 position. The NOESY correlations of 8 indicated that it has the same relative configuration as 7 except for the hydroxy group at C-16. Accordingly, ptycholide IV was assigned as 8.
Compounds 1-8, isolated from P. olacoides in the present study, had their neurite outgrowth-promoting activity evaluated using PC12 cells. 6α,7α-Dihydroxykolavenol (3) showed moderate neurite outgrowth-promoting activity on 20 ng/mL NGF-mediated PC12 cells at concentrations ranging from 1.0 μM to 30 μM. The other diterpenoids had no effect on PC12 cells at 30 μM. In our preceding paper [14] we reported that the furan ring and two hydroxy groups at the C-6 and C-7 positions are responsible for exhibiting NGF-potentiating activity in clerodane-type diterpenoids, among which 6α,7α-dihydroxyannonene is the most potent. The activity of 3 is less potent than that of 6α,7α-dihydroxyannonene, presumably because 3 does not possess a furan ring. This result supports the previous conclusion that the furan ring in clerodane diterpenoids plays an important role in NGF-potentiating activity [14] .
Experimental
General experimental procedures: Optical rotations were measured using a JASCO P-1030 digital polarimeter. IR and UV spectra were recorded on a JASCO FT-IR 410 infrared and a Shimadzu UV-1650PC spectrophotometer, respectively. Circular dichroism (CD) spectra were recorded on a JASCO-J-725. 1 H (600 MHz) and 13 
